extracted from swim bladder of Bester sturgeon fish has excellent characteristics such as high 28 denaturation temperature, high solubility, low viscosity and extremely fast rate to form large 29 bundle of fiber at certain conditions. These specific characteristics of swim bladder collagen 30 (SBC) permit us to create stable, disk shaped hydrogels with concentric orientation of 31 collagen fiber by the controlled diffusion of neutral buffer through collagen solution at room 32 temperature. However, traditionally used animal collagens, e.g. calf skin collagen (CSC) and 33 porcine skin collagen (PSC) could not form any stable and oriented structure by this method.
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ABSTRACT: Marine collagen has been attracting attention as medical materials in recent 26 times due to the low risk of pathogen infection compared to animal collagen. Type I collagen 27 extracted from swim bladder of Bester sturgeon fish has excellent characteristics such as high 28 denaturation temperature, high solubility, low viscosity and extremely fast rate to form large 29 bundle of fiber at certain conditions. These specific characteristics of swim bladder collagen 30 (SBC) permit us to create stable, disk shaped hydrogels with concentric orientation of 31 collagen fiber by the controlled diffusion of neutral buffer through collagen solution at room 32 temperature. However, traditionally used animal collagens, e.g. calf skin collagen (CSC) and 33 porcine skin collagen (PSC) could not form any stable and oriented structure by this method.
34
The mechanism of superstructure formation of SBC by diffusion induced gelation process has 35 been explored. The fast fibrillogenesis rate of SBC causes a quick squeezing out of solvent 36 from the gel phase to the sol phase during gelation, which builds an internal stress at the gel- antigenic activity, high cell adhesion properties, biocompatibility, and biodegradability.
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57
Numerous specific functions of many bio-tissues are strongly dependent on the anisotropic 58 superstructure of fiber-forming collagen. 12, 13 The most common sources of collagen for 59 biomaterials and tissue engineering are bovine skin and tendons, porcine skin, and rat tail.
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In recent times, the use of collagen and collagen-derived products from land-based animal 61 calls into question because of the emergence of zoonosis such as bovine spongiform 62 encephalopathy (BSE), foot-and-mouth disease (FMD), avian influenza diseases etc.
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63
Religious beliefs also restrict the usage of porcine or bovine collagens. to prepare aqueous HCl solution of pH 2.5 for the preparation of collagen solutions. All the 124 aqueous solutions were prepared using ultrapure deionized water. contraction during gelation is difficult to observe at macroscopic scale. This is probably due 214 to relatively strong adhesion of the collagen gel to the glass wall of the reaction chamber,
215
which prevents the overall volume change of the gel.
217
The syneresis induced swelling mismatch can be justified when we observe the gelation front distinct cross-patterns were observed, indicating the formation of concentric structure.
246
Therefore, the minimum concentration of SBC required to form a well oriented gel is around 247 1.5 wt%. In addition, at 1.5 wt%~3 wt%, but not at 4 wt%, a thin radially oriented layer can 248 be noticed at the peripheral region (at the boundary of the gel and the buffer). As the viscosity 249 of 1.5 ~ 3 wt% is lower than 4 wt%, this may make it possible for a little outflow of collagen 250 solution at the periphery by the strong diffusion of buffer, which creates this radial 251 orientation at the outer part of hydrogel. generates low internal tensile stress in the gel phase. Hence the orientation degree decreases.
263
However, at the end (close to the center of the gel), birefringence decreases sharply. We 264 considered that at the central part of the gel, the collagen molecules are subjected to tensile 265 stress from all directions, which leads to the formation of poorly oriented structure. 
315
Lower row images are the magnified images of the corresponding upper row images.
317
One of the most important criteria we assumed, to develop internal stress from swelling 
